Binding of 5,10,15,20-tetrakis(N-methylpyridinium-4-yl)porphyrin (l^TMPyP^" 
INTRODUCTION
Although meso-substituted porphyrins are much larger than well-known intercalators such as acridine or phenanthridine dyes, it is now apparent from the work of Fiel, Pasternack and their coworkers (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) that certain cationic water-soluble porphyrins can interact strongly with DNA in solution.
It is clear that there is more than one mode of binding and the nature of this interaction depends on the structure of the porphyrin, on the relative concentrations of the porphyrin and the DNA base pairs, and on the base composition of the DNA. Some porphyrins appear to be able to intercalate.
The best evidence for this is the effect of the porphyrin on the electrophoretic mobility of DNA (2) and on the viscosity of DNA solutions (1, 9) and from circular dichroism studies (1, 6, 7, 8, 10) . Porphyrins which do not intercalate are presumed to bind to the outside of the DNA, probably interacting both with the bases and the phosphate groups (11) . Generally it has been noted that porphyrins which intercalate do not have axial ligands and have meso-groups which can easily rotate into the plane of the tetrapyrrole ring (8, 10, 11) .
The base specificity of this interaction has been studied by both abs- orption spectroscopy (10) and circular dichroism (8, 10) . Porphyrins which are believed to intercalate (e.g. HjTMPyP^1* -see Figure 1 -or its CU (II) or Ni(II) derivative) appear to interact strongly with poly(d(G-C)). In contrast the spectroscopic properties of non-intercalating porphyrins are hardly changed by poly (d(G-C)) but are markedly altered by poly (d (A-T)).
This suggests that intercalation occurs predominantly at residues. The kinetics of association and dissociation of porphyrins and DNA or synthetic polynucleotides has been treated in detail by Pasternack et al. in a recent paper (11) .
We have recently started to study how the photoproperties, including the non-linear optical properties, of organic molecules and metal complexes are affected by binding to DNA. The known photochemical and photophysical properties of porphyrins (12) make them particularly attractive as probes for the behaviour of DNA and its complexes in solution and also as sensitisers for the photocleavage (possibly base-specific) of polynucleotides.
Initially we have chosen to study two water-soluble porphyrins (H2TMPyP^+ and ZnrMPyP^+) which fluoresce strongly in solution. As indicated above, evidence suggests that H 2 TM?yP^+ intercalates into DNA, but ZnTMPyP^+ does not. We have investigated this matter by carrying out a sensitive assay for intercalation, namely the topoisomerisation of supercoiled covalently closed circular (ccc) DNA in the presence of the porphyrins. We demonstrate that the fluorescence spectrum and intensity of the porphyrins are changed substantially in the presence of DNA and that the photophysical properties of the porphyrins are sensitive to the base composition of the polynucleotide. It is shown that both porphyrins are equally effective in causing photo-cleavage of the polynucleotide in aerated solutions (4). DNA, being negatively charged, moves in the opposite direction. If these porphyrins bind strongly to DNA they are expected to co-electrophorese with the DNA, and under the conditions of low ionic strength they should reduce the electrophoretic 4+ mobility of the DNA.
MATERIALS AND METHODS

Porphyrins
These effects were observed with both H.TMPyP and 4+ ZnTMPyP .
Solutions containing pBR322 DNA were prepared with increasing concentrations of porphyrins (OuM, 3uM, 7uM, 50yM) and electrophoresed.
Porphyrins when alone migrated towards the cathode as a smear and this was observed easily from its yellow-green colour. When DNA was mixed with a low concentration of porphyrin, no porphyrin was observed moving to the cathode, but instead two narrow yellow-green bands were observed moving to the anode After longer periods of irradiation a discrete band corresponding to H DNA of unit size appeared,while some DNA migrated faster than {, DNA in a continuous distribution, presumably smaller DNA which had accumulated a large number of breaks.
Fiel et al. have noted that sodium azide (58 mM) , which is known to be a quencher of singlet oxygen, completely inhibits the effects of three porphyrins (HPD, TCPP and TSPP) on the photolysis of DNA and partially inhib-4+ its the effect of H TMPyP (4). In our hands sodium azide (at 100 mM) 4+ 4+ also partially blocked the effect of both H 2 TMPyP and ZnTMPyP (data not shown), confirming that singlet oxygen probably has a role in photolysis of 4+ 4+ H TMPyP and that this is also probably the case for ZnTMPyP
DISCUSSION
The experiments reported here corroborate and extend the evidence that both H TMPyP + and ZnTMPyP + interact with DNA. This is, for example, demonstrated by their coelectrophoresis with DNA. The difference in the nature of this binding, however, is revealed by the experiment using topoisomer-4+ 4+ ase I. ZnTMPyP may unwind DNA to a very limited extent: H.TMPyP does with an efficiency similar to that of ethidium bromide, a known intercalator 4+ (20) . This is an explicit demonstration of intercalation for H.TMPyP , and confirms the conclusions of earlier electrophoresis (2), viscosity (1, 9) and 4+ circular dichroism (1, 6, 7, 8, 10) experiments. If we assume that all H TMPyP molecules are bound during topoisomerisation we may calculate the unwinding angle per molecule of bound DNA. The measured change in supercoils per uM of 4+ H^TMPyP added was 6 ( Figure 3 ). This is equivalent to an unwinding angle of 26° per residue, similar to that determined for ethidium bromide (24) . No 
